CHAPTER 4

REPAIR SCHEMES AND COSTS
FOR

CUTS IN FLEXIBLE PAVEMENTS
Introduction

Deflection measurements and visual evaluation show that utility cuts ordinarily
weaken the adjacent pavement, Figure 4.1. In the thirty-six (36) asphaltic concrete and
macadam pavemnent sites studied in detail, Chapter 2, the damage extended beyond the edge
of the cut in all directions for an average distance of 3 feet. Thus, for a typical utility cut
excavation of 4 feet by 5 feet, the affected area of pavement was 10 feet by 11 feet. It was
also shown, Chapter 2, that to restore the disturbed pavement to its original strength will

require, under average conditions, the application of an overlay 1.75 inches thick.

Visual invesugation of PCC pavements showed that ordinary cuts in PCC pavements
and the pavements surrounding them require no special restoration maintenance when the
restoration is carried out in accordance with the City of Cincinnati Specifications of
Restoration Standards. Furthermore, from the Finite Element Analysis of Portland Cement
Concrete pavements, Chapter 3, the impact of utility cuts on the surrounding pavement and

subgrade was found to be acceptable, except in those cases when the cut was placed near a

joint at the edge of a slab, or along the curb.

In this chapter, four possible repair schemes with associated costs are described for
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restoration of asphaltic concrete and macadam pavements.

It should be noted, that presently there are no established procedures to strenghten
flexible pavements around poorly restored utility cuts. For estimating the costs involved, the
cost of laying 2 1.7 inch thick overiay has been used. However it is realized that to remedy
a local weakness in a flexible pavement (around a cut), a customary AC overiay may not be
totally effective, or even practical. Therefore, the researchers present possible schemes for
cost estimates only. The effectiveness of any scheme can only be evaluated by field tnals.

The details of ‘possible schemes and their cost estimates are presented in the following

sections.
Proposed Repair Schemes

All of the repair schemes are designed to restore the pavement to its original strength
or capacity. The designs are based on a utility cut opening of 4 feet by 5 feet, assume
pavement subgrade damage 3 feet in all directions beyond the edges of the cut, and assume
the strength requirement of an additional 1.75 inches of AC over the "standard" AC or
macadam pavement. In all the repair schemes, it is assumed the trench has been properly
backfilled by the unlity contractor. The construction costs used in estimating the cost of the
various repair schemes were based on unit prices provided by three independent paving
contractors.

Scheme 1 consists of placing an additional 1.75 inch layer of AC over the patch and
adjacent pavement, extending laterally a distance of 3 feet to all sides, then extending an -
additional 1.75 feet on a taper to zero at the original pavement surface. The new pavement
surface thus would cover an area of approximately 196 square feet. The estimated cost of

this technique, Figure 4.2, is §1,000. This scheme, while likely acceptable strengthwise, is
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not practical on a 196 square foot overiav because the edges (transition) would be rough ang
adversely affect nidability.

Scheme 2 is imended for the restoration of a typical 7 inches thick asphaltic concrete
pavement. It uses Gilsonite Asphalt which has approximately 50 percent higher tensiie
strength than ordinary asphalt. Thus replacing a 3.5 inch thick portion of the 7 inch asphalt
with Gilsonite Asphalt wouid not only replace the removed asphalt, but would aiso provide
additional strength equivalent to an 1.75 inches thick overlay on top of the onginal
pavement. The scheme, therefore, consists of removal of 3.5 inches thick portion of the AC
pavement over the cut area and 3 feet beyond the cut edges, and replacing the removed
matenial with Giisonite Asphalt. This will provide increased strength without changing the
thickness of the pavemnent. The estimated average cost using the Gilsonite repair technigue,
Figure 4.3, is $950.

Scheme 3 is intended for the restoration of asphaltic concrete pavement. It consists
of removal of the AC pavement and poruon of the subgrade over the cut area and 3 feet
beyond the cut edges to a depth of 8.75 inches, followed by placement of an 8.75 inch AC
pavement over the entire area of 110 square feet. Average cost using this technique, Figure
44,15 $1400.

Scheme 4 is intended for the restoration of macadam pavement typically composed
of 2 inches thick AC and 8 inches thick base. It consists of increasing the thickness of the
AC by 1.75 inches. This is done by removing the pavement and portions of the subgrade
over the cut area and 3 feet beyond the cut edges to a depth of 11.75 inches, placement of
compacted base course to within 3.75 inches of the finished surface, then placement of 3.75

inches of AC over the entire area of 110 square feet. Average cost of this scheme, Figure
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4.5, is $1,000.

The proposed strengthening schemes are conceprual and tentative only but they are
believed to be technically effective and constructible. They are presented here for cost
estimates. It is recognized that their proof of performance will require actual construction

and evaluation.

From the above segments, the cost of the cut repair varies from $950 to $1,400. If the
City of Cincinnati permits 6,000 to 10,000 cuts each year, and 35% of these are made in
fiexible pavemnents, then the annual cut repair costs may range from $1,995,000 ($950 * 0.35

* 6,000) to $4,900,000 ($1,400 * 0.35 * 10,000).
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CHAPTER S
CONDITION EVALUATION
USING DISTRESS SURVLEY
A periodic monitoring of highway pavement for condition evaluation is an essential aspect
of a maintenance program. The components of a monitoring program, include (i) specific guideiines

to evaluate distresses (in the form of a Distress Manual), and (ii) a procedure to assembie individual

distresses into an aggregate index.

The distress manuals developed by the National Research Council's Strategic Highway
Research Program (SHRP) (5.1), the U.S. Army Corps of Engineers' Construction Engineening
Research Laboratory (CERL) (5.2), and various state agencies (5.3, 5.4) provide specific guidelines
for evaluating the severity and extent of distresses on a giobal ievel for our Intersiate and State
Highways. However, when the distresses are localized, as in the case of utility cuts, engineers are
required to investigate a small area of the pavement for which no specific guidelines are available.

There is considerable vanety in the ways that individual agencies use pavement condition
data. The two most common methods are:

(1) Combine attributes in a specific manner to determine a single (aggregate) index.

(2) Use the data in decision trees (disaggregate), to determine condition states, or

tabulate the data in the form of 2 pavement condition matrnix.

The first method, aggregating pavement condition data into a single raring index, is a widely
used concept to support project and network level decisions in pavement management (5.5).

Typical condition indicators for highway pavements referred to in the literature are Present
Serviceability Index (PSI) of AASHTO (5.6), Pavement Condition Index (PCI) of CERL (5.7),

Pavement Condition Rating (PCR) of Ohio and Ontario (5.8, 5.9) and Pavement Quality Index (PQI)
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of Alberta (5.10). Specific guidelines are available to gather the data recuired for geveioping any
of these indices. These indicas assist in evaluaung the condition of pavements on a giobai ievei for
an extended highway segment. In order to assembie individual distresses into a singie matnx.
several procedures have been used in the past with the deduct points method being the most widely
used (5.2, 5.3). However, there are no s==cific guideiines available for condition evaiuation of
utility cuts or establishment of a rating index. " =gineers have so far reiied on their expenence for
evaluating utility cuts since the condition indicators mentioned above have not been used for
localized distress evaluation.

The above discussions call for the development of a Distress Manual and a new rating index
for utility cuts.

Distress Manual

The distress manuals developed by SHRP (5.1) and CERL (5.2) encompass all categonies
of pavements and possibie distress types. Unfortunately the manuals currently available do not
make a clear distinction between the evaluation of extended pavement sections and utility cuts.
Hence a distress manual for unlity cuts (5.11), which was a first artempt to list the moct predominant
distresses in utiiity cuts, was developed (See Appendix C ). The manual considers various types and
seventy of distresses, but does not consider the extent due to the relatively small area of utility cuts.
The manual lists nine types of distresses with their level of severity at (a) low, (b) moderate or (¢)

high. The distresses listed are:

1. Alligaror cracking 6. Ravelling and weathering
2 Edge cracking 7. Pavement drop-off
3 Transverse cracking 8. Edge separation
4. Pothoies 9. Comner breaks
S. Rutting
5-2



All of the above distresses, except numbers 6, 8 and 9, are appiicable also for evaluation of

distresses in the viciniry of cuts.
Field Studies

Distress surveys were carried out to identfy the rype and gevcriry of distresses present in and
around utiliry cuts. Although the Distress Manual provides necessary guidelines, the experience
of the engineer or inspector plays a critical role in the survey. This is because the severity of a
distress is subjecti\;ely assessed as low, moderate or high, as described in the manual. In order to
reduce variations in the evaluation of distress conditions, collective judgments of engineers and
inspectors were used. The condition data were coliected on selected utility cuts in the City of
Cincinnat using the Delphi Method.
Data Collection by Delphi Method

The Delphi Method is a spin-off of defense research (5.12). This method extracts expert
opinions on items that are subjective and reduces the vanation in their responses. The Delphi
Method 1s an iterative procedure characterized by three features: (i) anonymity, (ii) ireration with
controlled feedback, and (iii) statistical response. The opinions of the panelists, who respond to a
series of questions, remain unknown to one other. After the survey is completed, feedback is
provided to each participant regarding the summary results. If there are wide vanations in the
opinions of the panelists on any item, a new round of survey is performed, based on the results of
the previous round. This process is continued until an agreement or near agreement is reached on
various items under considerauion, or until it becomes evident that no such agreement can be
reached.

The panel for Delphi study consisted of four engineers from the Highway Engineering Office
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and 11 inspectors from the Highway Maintenance Department of the Ciry of Cincinnan. Normally
the inspectors from the Maintenance Department are responsibie for routine evaluation and
inspection of utility cuts. Since the objective of the study was to collect opinions from 2 wide range
of experts, engineers from the Highway Eng'mecring Office were included in the Delphi panel.

The Delphi Method required asking the panelists simple questions as to the type and seventy
of distresses present in each utility cut. A questionnaire was prepared in the form of an Evaluation
Form as shown in Figure 5.1. This form was designed to ask the panelist about the surface profile,
type and severity ;f the existing distresses, overall condition of the cut, and recommended action.
One Evaluation Form was used by a panelist for each cut.

In all, 75 cuts in asphaitic concrete and macadam pavements with granular base were

surveyed by the panelists. The samples were randomly drawn from a large population of utility cuts
on major arterials, collectors, and residential streets, all of which exhibited various levels of distress.
The cuts varied in size generally from 3 feet x 3 feet to 7 feet x 10 feet.
Round 1: Initially, the research team heid 1 series of discussions with the panelists. The
panelists were familiarized with the objectives of the project. Each panelist was given a Distress
Manual, a set of blank evaluation forms and a list of utility cuts to be evaluated. The use of the
Distress Manual and evaluation form was explained. Trial sessions were held on two typical cuts
to ensure that the panelists understood the use of the distress manual and evaluation form.

Dunng the first round, the panelists surveved 75 cuts over a period of two months. Durning
the distress survey, no discussion was allowed among the panelists. The first round yielded 1125
evaluation forms.

Round 2: The informaron obtained during Round 1 was inputed into a database and analyzed.

A large dewviation in the identification and severity of the distresses as well as in the overall
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condition of the utility cuts was found at most of the locauons. A second senes of meeungs was
held and a statistical summary of the results for each cut was handed 10 the panelists They were
specifically told to refer to the summary and appropriately revise their opinion oniy i’ they felt 1t was
necessary. The panelists re-visited all 75 cuts.
Round 3: When the results of Round 2 were tabulated, it was found that the panelists sull
differed in some aspects of evaluation of the utility cuts. In particular, there were 26 cuts on which
there seemed to be some difference of opinion among eight panelists. Only these eight panelists and
26 cuts were included in Round 3 of the survey. No further round of survey was performed since
the results indicated that there may not be any improvement to be of pracucal significance. Table
5.1 shows the final distribution of sample for different conditions of the utility cuts.

The overall condinion given by the panelist for each cut is an aggregate measure of individual
distresses which will be called the Utility Cut Condition Index (UCCI) in the following discussions.

The data collected by the Deiphi Method was used to develop a neural nerwork for predicting UCCIL



Development of Neural Nerwork Model

In recent vears, artificial neural nerworks (ANNSs) have been gaining wide applications in
business and industry. In many instances, ANNs have been found to provide better resuits than the
conventional modeling techniques, particularly if the relationships among the variables of interest
are complex. There are several advantages in using a neural nerwork for predicting UCCI based on
the subjective views of human experts. For instance, the deduct point method used for highway
pavement sections to convert word ratings into numerical values makes several assumptions on
distress weighing factors. A neural nerwork can use word ratings to develop a rating index without
the need for such assumptions. In this study, as explained in the following paragraphs, the neural
network derived expertse from examples of the distress survey and was trained to solve problems
of simiiar nature in the firure. The back-propagation method (5.12) was used to develop the neural
network consisting of an input layer, an output layer and a hidden layer (Figure 5.2).

Data Pre-processing and Training the Neural Network

As mentioned before, the Delphi Method was used to collect data on the conditions of utility
cuts. The database was initially prepared to contain information on the types and severity of
distresses in each cut and its vicinity, and the overall condition of the cut. The information on
surface profile and recommended action was not used in the development of the neural network.

Before a neural network could be developed, pre-processing of the data was necessary since
neural nerworks can not recognize categorical information such as low, moderate or high distresses.
A computer program was written to convern the categorical information on distress into numenical
codes as follows:

No distress (0,0)

Low seventy ©,1)
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Moderate seventy (1.0)

High severity (L1)

The observations were classified into ten groups, based on UCCI ranging between | and 100 For
example, an UCCI of 100 represents an utility cut with absolutely no distress.

To develop a neural nerwork, two kinds of data are required: training data and testing gata.
A nerwork needs to be trained so that an apﬁlicar.ion of a set of inputs can produce a desired set of
outputs. The testing data are used to check the accuracy of the developed neural nerwork. The
original data, consisting of 1032 observations, was separated into two parts: 709 observations or 69
percent of the total sample for training, and the remaining 323 observations or 31 percent for testing.
The selection of the observations for the training and testing data sets were done randomly within
each UCCI group.

A software called NeuralWorks Professional II/Plus (5.12) was used to develop the neural
network described in this paper. There were 30 processing elements (PEs) in the input layer to
represent nine types of distresses in the cut and six in the vicinity. The hidden layer consisted of ten
processing eiements. The output layer had only one processing element, that is, one UCCI for each
uulity cut. In this study, the sigmoid function (5.13) was chosen to be the transfer function.
Although other wransfer funcuons such as hyperbolic tangent or sine were also tried, sigmoid transfer
function was found to allow the Root Mean Square (RMS) converge most quickly.

The selection of 2 set of proper leamning coefficients and momentum value is important, since
they are sensitive and critical to the network learning. After a few trial runs, the initial learning
coefficients were set as 0.3 for the hidden layer and 0.2 for the output layer and the momentum was

0.8. These values were gradually reduced for higher number of training iterations as shown in
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Table 5.2.

Neural Network Testing

The neural network was tested with the testing data. A companson of the actual UCCI with
the predicted UCCI showed that the average absolute error (actual UCCI minus predicted UCCI)
was 6.5 and the average relative error ([actual UCCI minus predicted UCCI}/ acrual UCCI) was 4.0
percent. When the output band was set to plus or minus 12, the neural network was found to
correctly predict 92 percent of the outputs. A graphical plot of the actual and predicted UCClIs and

the output band is shown in Figure 5.3.




Discussion

This study utilized the neural network technique to develop the relationship berween
observed distresses and rating index for utility cuts. Although the Deiphi Method was used 10
reduce variation in the condition evaluation of utility cuts, there are still "noises” in the data since
the inspectors and engineers did not always agree on the type and seventy of distresses and the
overall rating of the utility cuts. The neural network showed that a larger discrepancy berween the
predicted and actual outputs existed when ihe UCCIs were either very large or very small, for
example, when UCCI was greater than 90 or lower than 10. It is believed that these errors were
caused due to the small sample size within these groups.

A queston might arise regarding what threshold value of UCCI one should use to determine
when some maintenance acton must be taken on a utility cut. In the case of highway pavements,
many state agencies have used a value of 50 to 65, on a scale of 0 to 100, as the threshold value for
maintenance management. When the pavement condition reaches the chosen value, maintenance
action is taken. The same reasoning also should apply for utiiity cuts. In the present study, utility
cuts have been found to have ratings that were less than 10, indicating that the existing threshold
values for ughway pavements may not be suitable for utility cuts. It is suggested that a threshold

value for utility cuts be established in the future.



onclusions

A periodic evaluation of the conditions of utility cuts is essential for better management of
city street pavernents. However, none of the existing pavement condition indicators are suitable for
defining conditions of utility cuts, as the performance characteristics of utility cuts differ widely
from those of longer highway pavement sections. This study is a first attempt to evaluate distresses
in and around utility cuts. It utilizes a rational procedure to develop 2 rating index for utility cuts.

The Distress Manual for utility cuts is a valuable tool for city engineers and inspectors
engaged in the evaluation of utility cuts. The Delphi Method assists in narrowing the variations of
opinions among panel members and provides an advantage in training Eiry engineers and inspectors
to make condrtion evaluations of utility cuts on a uniform basis.

The neural network for predicting Utility Cut Condition Index (UCCI) was deveioped by
using a large amount of field data. The model has been trained and tested for its accuracy. The
UCCI predicted by the neural network can be used as a management tool for identifying conditions

of utility cuts in a city and assigning priorities for their maintenance.
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